Some normal values of blood pressure, heart rate, and respiration rate obtained from 37 anaesthetised marmosets, are reported together with results of the electrocardiograms of 6 marmosets. The effects of a variety of pharmacological agents are also reported.
Marmosets, as representatives of the primate order, are becoming widely used in biomedical research for a variety of purposes.
In these laboratories initial interest in marmosets occurred as the result of the need for an experimental animal that could be passively sensitized by the transfer of human reaginic serum (Layton, 1965) . Consequently, they have been used for the past 2 years for this passive transfer of reagins in serum from allergic patients and subsequent reactions in the lung and skin following challenge with specific antigen.
This present investigation is an attempt to define some physiological values for the anaesthetised marmoset, and to observe the effects of certain drugs on these various functions.
Blood pressure (systolic and diastolic), heart rate, electrocardiogram (ecg), and respiration rate were recorded.
The effects of adrenaline, noradrenaline, isoprenaline, acetyl-choline, veratrine sulphate, and carotid occlusion were examined on blood pressure, heart rate, and respiration.
In 2 animals biogenic amine stores were depleted by pretreatment with reserpine.
Marmosets are New World monkeys of the family Callithricidae (= Hapalide) and are indigenous to tropical South America.
These animals have been successfully maintained and bred at these laboratories for the past 2t years. A colony of 20 pairs is now available for breeding. ·Present address: Pharmacology Group, School of Pharmacy, Bath University of Technology, Bath, BA2 7AY.
MATERIALS AND METHODS
Three species of marmosets were used in this study (the numbers of each are shown in brackets): Callithrix jacchus-the common marmoset (29), Callithrix argentatus-the black-tailed marmoset (3), and Saguinus oedipusthe cotton-top tamarin (5). The classification is that of Hershkovitz (1966a Hershkovitz ( , 1966b . The term 'marmoset' is used to describe members of all 3 species.
Mature male and female animals with a weight range 210-460 g were used. They were anaesthetised with sodium pentobarbitone ('Sagatal', May & Baker Ltd, Dagenham, Essex) at approximately I ml/kg bodyweight (64 mg/kg) intra peritoneally. It was found that the dose of anaesthetic was not critical, so the weight of the marmoset was estimated. With this dose surgical anaesthesia was produced in about 10-15 min and was maintained subsequently for up to 6 hours without any further administration of anaesthetic.
The left common carotid artery was cannulated with polythene tubing and arterial blood pressure was measured with a pressure transducer (range 0-750 mm Hg, Devices Sales Ltd, Welwyn Garden City, Hertfordshire). The trachea was cannulated and respiratory tidal volume recorded by integrating the respiratory flow rate through a pneumotachograph tube which was connected t.oa low-pressure transducer (PT5A, Grass Instrument Co. Ltd, Quincey, Massachusetts, U.S.A.). Heart rate was measured with a Devices instantaneous rate-meter. The ecg was recorded by subcutaneous needle electrodes using the conventional leads: bipolar leads I, II, III, and the unipolar limb leads aVR, aVL, and aVF, at a paper speed of 100 mm/sec, and calibrated so that 2 cm deflection equalled 1 mY. The ecg was recorded before any surgical procedure was attempted, the animal being in the supine position. All the measurements were recorded on a Devices M4 polygraph. The right external jugular vein was cannulated for the injection of drugs. All drugs were given intravenously at 1 ml/kg in saline and washed in with 0.2 ml saline. The animals were allowed 20-30 min to settle down before recordings (other than ecg) were taken. On examination of the records it was found that there was no significant difference between the species, and so it was decided to pool the results.
RESULTS
The mean values and fiducial limits for heart rate, blood pressure, and respiration rate are given in Table 1 . Statistical analysis was by the logarithmic variation method of Gaddum (1953) . The animals maintained these values fairly constantly over a period of up to 6 hours, and there were no fluctuations in blood pressure as is seen in other small animals such as rats and guinea-pigs. Heart rate (beats!min) The ecg of the 6 marmosets studied were essentially similar in waveform, and the results are given in Table 2 ; they were calculated from the records obtained with lead n. A typical trace is shown in Fig. 1 of an anaesthetised marmoset. Table 3 shows the effect of various drugs on blood pressure, heart rate, and respiration.
Except for veratrine sulphate, the effects of the drugs were similar to those seen in other laboratory animals (rat, cat, dog). *Systolic/diastolicpressure + = rise, -= fall.
The marmosets pretreated with reserpine at a dose level of 2 mg/kg/day intraperitoneally for 3 days became sedated. They were anaesthetised with sodium pentobarbitone 40 mg/kg intraperitoneally.
Heart rate and respiration rate fell to 125/min and 14/min respectively.
Blood pressure was considerably lower (54/34 mm Hg as opposed to 86/66 mm Hg) than in the control animals, but pulse pressure was normal.
These values were maintained for several hours and the animals were in a suitable state for the investigation of drugs which affect the cardiovascular and respiratory systems. Adrenaline and noradrenaline responses on blood pressure were potentiated 300 and 200 per cent respectively.
Normal values for some physiological functions for the anaesthetised marmoset have not been found in an extensive search of the literature. Deinhardt & Deinhardt (1966) have fully described the blood chemistry, haematological ranges, and blood groups. Grauwiler (1965) has reported the investigation of the ecg in an unanaesthetised marmoset (Callithrix jacchus) and the results correspond with those found in this study, except that he reported that the record with lead III was deflected negatively, whereas this present study showed it to be positive in all 6 cases. Heart rate and the duration of the various intervals also correspond with Grauwiler's results. It was found that the ecg of the anaesthetised marmoset was very distinct in that all the components of the rhythm were identifiable.
Veratrine sulphate (40, 80, and 160 Ilg/kg intravenously) produced hypertension, tachycardia, and apnoea in the marmoset. Dawes & Comroe (1954) state that veratrum alkaloids stimulate the Bezold-Jarish reflex in cats, dogs, and humans, producing hypotension, bradycardia, and apnoea. This reflex stimulation was confirmed in the cat after the injection of 100 Ilg veratrine sulphate per kg. It appears therefore that in marmosets veratrine does not stimulate the same reflex mechanism associated with its action in other species.
It is suggested that marmosets have many attributes which make them most suitable animals for use in pharmacological research. They are easily anaesthetised, tolerate anaesthetics well, and the intraperitoneal dose of anaesthetic does not appear to be particularly critical. Blood pressure, heart rate, and respiration remain stable over periods of up to 6 hours, during which time deaths are rarely encountered.
Compared with the higher primates, marmosets are reasonably cheap and supplies are available throughout the year; their size also allows the use of minimal quantities of drug.
As members of the primate order, marmosets are phylogenetically closer to man than the commonly used laboratory animals. It might be expected, therefore, that experimental results obtained in marmosets can be more readily extrapolated to predict effects in man.
